
Abstract. Background/Aim: The monoclonal antibody
bevacizumab is a standard drug used in combination with
oxaliplatin (FOLFOX) or irinotecan (FOLFIRI) based
chemotherapy in the first or second-line treatment of
metastatic colorectal cancer (mCRC). Our previous study
identified and subsequently validated 4 microRNAs in a
small group of patients as predictors of the therapeutic
response to bevacizumab combined with chemotherapy. The
aim of this follow-up study is to confirm the predictive ability
of these tissue miRNAs in a larger independent cohort of
mCRC patients. Patients and Methods: The retrospective
study included 92 patients with generalized-radically
inoperable tumors treated with the combined therapy of
bevacizumab/FOLFOX in a standard regimen. Results:
Expression levels of candidate miRNA biomarkers (miR-92b-
3p, miR-3156-5p, miR-10a-5p and miR-125a-5p) were
determined in tumor tissue specimens and statistically
evaluated. MiR-92b-3p and miR-125a-5p were confirmed to
be associated with radiological response according to
RECIST criteria (p=0.005 and 0.05, respectively) and to be
up-regulated in responders to bevacizumab/FOLFOX
therapy. Higher levels of miR-92b-3p were also significantly
associated with extended progression-free survival

(p=0.024). Conclusion: We have successfully confirmed miR-
92b-3p to be up-regulated in tumor tissue of mCRC patients
with good response to bevacizumab/FOLFOX therapy.

Colorectal cancer (CRC) is the most common cancer of the
gastrointestinal tract and the third most common cancer after
breast and lung (1). Despite significant efforts dedicated to
early diagnosis of asymptomatic disease (screening), more
than 20% of patients are still diagnosed with primarily
metastatic disease. Even in the case of localized disease,
approximately 50-60% subsequently develop a metastatic
disease and in most cases this is initially unresectable.
Patients with primarily unresectable metastatic disease are
candidates for systemic treatment.

The cornerstone of systemic treatment of metastatic
colorectal cancer are combined regimens based on
fluoropyrimidines (fluorouracil/capecitabine) combined with
oxaliplatin (FOLFOX) or irinotecan (FOLFIRI) (2, 3). The
spectrum of treatment toxicities and the patient’s preferences
are always an integral part of therapeutic planning. The
effectiveness of both regimens is the same, differing in the
spectrum of side effects. If the first-line oxaliplatin-based
regimen is used, the irinotecan-based regimen may be used
after its second-line failure and vice versa.

Chemotherapy is used in combination with targeted
therapy. In metastatic colorectal cancer, the epidermal growth
factor inhibitor (EGFR) is a druggable target with the
monoclonal antibodies cetuximab and panitumumab
available to target this receptor. Their indication is
conditioned by the exclusion of the activation mutations in
the oncogenes KRAS/NRAS. Another option is to use an
anti-angiogenic strategy and combine chemotherapy with the
monoclonal antibody bevacizumab targeting the vascular
endothelial growth factor (VEGF). The indication for the
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combination of chemotherapy with bevacizumab is
independent on RAS mutational status. Unfortunately, the
clinical benefit is still limited and we are not able to predict
the therapeutic response and identify patients who will
benefit from the therapy.

MicroRNAs are small, non-coding RNAs that regulate
gene expression at the mRNA level. They are well known to
play important roles in carcinogenesis, whereas some of
them have oncogenic functions while other act as tumor
suppressors. MicroRNAs play important roles in the
regulation of a wide range of cellular processes. They can
functionally affect the cell cycle, apoptosis, migration,
invasion as well as angiogenesis (4-6).

They are relatively resistant to degradation and contrary
to mRNAs, they could be identified and quantified even in
formalin-fixed paraffin-embedded (FFPE) tissues. This
feature makes microRNAs potential biomarkers in metastatic
colorectal cancer, including their possible usage as predictors
of therapeutic response to bevacizumab (7-9).

In our previous study, we used a high-throughput
approach and identified 4 candidate miRNAs (miR-92b-3p,
miR-3156-5p, miR-10a-5p and miR-125a-5p) enabling us to
predict the therapeutic response to bevacizumab/FOLFOX
regimen in mCRC (7). Here, in this follow-up validation
study, we aim to confirm their predictive potential in a larger
independent cohort of mCRC patients treated with the
bevacizumab/FOLFOX regimen.

Patients and Methods
Patients and study design. The study included 92 patients with
generalized, radically inoperable metastatic colorectal cancer
(mCRC) of the same ethnicity (Caucasian) treated with the
combined therapy of bevacizumab/FOLFOX, in a standard
regimen as the first-line treatment. All patients were treated in
the Masaryk Memorial Cancer Institute from 2012 to 2016.
Patient clinicopathological characteristics are summarized in
Table I. The response to the Bevacizumab/FOLFOX treatment
was assessed according to Response Evaluation Criteria in Solid
Tumours (RECIST) criteria and duration of progression-free
survival (PFS). Patients were stratified into good responders
(complete or partial response i.e. responders) and a group with
poor response (stable and/or progressive disease i.e. non-
responders). The study protocol was approved by the local
ethical board and written informed consent was obtained from
all patients enrolled in the study.

RNA isolation and microRNA quantification. Total RNA enriched
for small RNA was isolated from formalin-fixed paraffin-embedded
(FFPE) samples by xylene deparaffinization, followed by
purification by the mirVana™ miRNA Isolation Kit (Ambion,
Austin, TX, USA) according to the manufacturer’s instructions. The
concentration and purity of RNA were determined by UV
spectrophotometry using Nanodrop ND-1000 (Thermo Fisher
Scientific, Waltham, MA, USA). Specific primers for miRNAs were
used in reverse transcription and qPCR according to the TaqMan

Advanced miRNA Assays (Thermo Fisher Scientific Inc.). qRT-PCR
was performed on the QuantStudio 12K Flex Real-Time PCR
System (Thermo Fisher Scientific Inc.). PCR reactions were run in
triplicates and the average threshold cycle and standard deviation
(SD) values were calculated.

Statistical analysis. Average expression levels of candidate miRNAs
in qRT-PCR quantification were normalized to the expression of
miR-6098 as endogenous control - selected based on our previous
results (7). Normalized expression data were evaluated by the
Mann-Whitney test, ROC analysis to identify cut-off values and
Kaplan-Meier analysis followed by a long-rank test using GraphPad
Prism v5.0 (GraphPad Software, La Jolla, CA, USA). p-Values
lower than 0.05 were considered statistically significant.

Results

Expression levels of four candidate miRNAs identified and
validated in the small validation cohort in our previous
study (7) were selected for this independent validation
study. Expression levels of these miRNAs (miR-92b-3p,
miR-3156-5p, miR-10a-5p, and miR-125a-5p) were
successfully determined in tumor tissue specimens of 92
patients with mCRC. MiR-92b-3p and miR-125a-5p were
confirmed to be associated with radiological response
according to the RECIST criteria [p=0.005, area under curve
(AUC)=0.705 and p=0.05, AUC=0.645, respectively]
(Figure 1A, C, E, F) and to be up-regulated in responders
to bevacizumab/FOLFOX therapy. Expression levels of
miR-3156-5p and miR-10a-5p did not differ significantly
between the groups of patients with poor and good
responses (Figure 2A, B). Kaplan-Meier analysis showed
that only higher levels of miR-92b-3p are significantly
associated with extended PFS (p=0.024) (Figure 1B).
Association of miR-125a-5p and PFS did not reach
statistical significance (Figure 1D).
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Table I. Patient characteristics. 

All patients (N=92)

Gender
Male 50
Female 42

Age (years)
Mean±SD 58±11
Range 18-83

KRAS
Wild-type 38
Mutated 50
Not available 4

PFS (median, IQR)
Responders (PFS>12 months) 20, 16-25
Non-responders (PFS<12 months) 6, 4-10

PFS: Progression-free survival; IQR: interquartile range.



Kiss et al: MicroRNAs as Predictive Biomarkers in Colorectal cancer

2811

Figure 1. MiRNAs associated with response to bevacizumab/FOLFOX therapy. Normalized expression of (A) miR-92b-3p and (C) miR-125a-5p in
patients responding and non-responding to bevacizumab/FOLFOX therapy. Kaplan-Meier survival curves estimating time to progression in
bevacizumab/FOLFOX-treated patients with metastatic colorectal cancer according to (B) miR-92b-3p and (D) miR-125a-5p. Receiver operating
characteric (ROC) analysis of the use of (E) miR-92b-3p and (F) miR-125a-5p in discriminating between responders and non-responders to
bevacizumab/FOLFOX therapy. PFS, Progression-free survival; AUC, area under the curve.



Discussion

This retrospective validation study aimed to validate the
ability of selected microRNAs to predict therapeutic
response to bevacizumab treatment in combination with
chemotherapy in the FOLFOX regimen. This is a standard
treatment option for metastatic colorectal cancer. The
addition of bevacizumab to FOLFOX chemotherapy
resulted in a prolongation of time to progression (PFS) and
overall patient survival of 1.4 months (2). Unfortunately,
significant differences in the efficacy of this combined
treatment in patients with metastatic colorectal cancer have
been repeatedly observed (2). In our previous published
study, we compared microRNAs in tumor tissue samples
from patients with very good responses, i.e. those who
achieved complete or partial remission with tumor tissue
samples from patients with rapid disease progression on
bevacizumab/FOLFOX. The results of our previous
research indicated that there are four microRNAs showing
a promising predictive potential in this setting (7). The aim
of this follow-up study was to confirm the predictive ability
of these tissue microRNAs in a larger independent cohort
of metastatic colorectal cancer patients.

Out of 4 evaluated miRNAs (miR-92b-3p, miR-3156-5p,
miR-10a-5p, and miR-125a-5p) only miR-92b-3p and miR-
125a-5p were confirmed to have differential expression in
tumors of mCRC patients with good and poor response to
bevacizumab/FOLFOX therapy. MiR-125a-5p and also the
miR-125a-3p were described as down-regulated in lung
cancer cells, where they were shown to induce apoptosis by
activating p53 (10, 11). In breast cancer, miR-125a-5p is a

tumor suppressor that targets HDAC4 and indicates
prognostic functioning (12).

When tested in survival analysis for correlation with
progression-free survival, only miR-92b-3p was confirmed to
be up-regulated in tumor tissue of patients with good
response to therapy. Taken together, miR-92b-3p was
confirmed in an independent cohort of mCRC patients treated
with bevacizumab/FOLFOX therapy to be associated with
therapeutic response. This observation is in full agreement
with the observation from our previous study (7). MiR-92b-
3p is one of the miRNAs included in the recently developed
tissue-derived miRNA profile to predict clinical benefit from
chemotherapy evaluated in tissue biopsies and serum from
patients with mCRC (9). Deregulated expression of miR-92b-
3p has been reported in a variety of cancers; however, the
results in terms of its biological role still remain
controversial. Tumor suppressive activity of miR-92b-3p has
been shown in esophageal (13) and pancreatic cancer (14).
Higher levels of miR-92b-3p were associated with the
absence of metastasis and good prognosis of esophageal
cancer patients (13). In pancreatic cancer, the substitution of
miR-92b-3p inhibited cell proliferation, migration and
invasion (14). MiR-92b-3p inhibits proliferation and
migration of murine-derived C2C12 myoblasts (15).

On the other hand, oncogenic functions of miR-92b-3p
were described in glioblastoma cells, where it recovered the
proliferative capacity of glioblastoma cells via the
transforming growth factor-β signaling pathway (16).
Similarly, in colorectal cancer, miR-92b-3p was shown to
facilitate colorectal cancer cell proliferation, migration, and
invasion (17). A recent study reported that miR-92b-3p is
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Figure 2. MiRNAs which are not associated with response to the bevacizumab/FOLFOX therapy. Normalized expression of (A) miR-10a-5p and (B)
miR-3156-5p in patients responding and non-responding to bevacizumab/FOLFOX therapy.



functionally linked to lncRNA SNHG14 and plays an
essential role in cell proliferation, migration and invasion of
CRC cells (18). As per the data above and the possible miR-
92b-3p oncogenic role in CRC, its positive association with
a good therapeutic response could be interpreted as
counterintuitive. However, miR-92b-3p’s positive role in
anti-angiogenic therapy is probably based on its functional
link to hypoxia and angiogenesis. MiR-92b-3p was shown to
act as a hypoxia-induced miRNA (hypoxamir) in the
regulation of the mTOR signaling pathway (19). This
regulatory mechanism also explains the role of miR-92b-3p
in the pathological vascular smooth muscle cells and
pulmonary artery smooth muscle cells proliferative response
under hypoxia (20). MiR-92b-3p levels in tumor tissue could
possibly reflect the extend of tumor neo-angiogenesis, high
angiogenic density, and as a consequence, the response to
anti-angiogenic treatment. Moreover, very recently, the
potential of exosomes with overexpressed miR-92b-3p was
shown to be effective in antiangiogenic therapy of an
experimental model of ovarian cancer, confirming its
functional involvement in the process of angiogenesis (21).
From the diagnostic point of view, circulating miR-92b-3p
was observed to be a promising marker in the monitoring of
the chemoresistance and prognosis of small cell lung cancer
(22) and synovial sarcoma (23).

Nevertheless, our validation study has several limitations
and there is still a number of issues that need to be addressed
in order to establish miR-92b-3p as a predictive biomarker
to be used in the clinical setting. Our study is a single-center
study based on the patients of the same ethnicity. To confirm
the clinical benefit of our experimental biomarker, a
prospective, multi-centric study based on larger independent
patient cohorts has to be performed. The analytical
performance of miR-92b-3p (AUC=0.705) is not sufficient
for usage as a single biomarker; therefore, we expect this
biomarker to be used in combination with other biomarkers
or predictive scores.

Conclusion

Our previous study indicated a potential predictive value of
miR-92b-3p, miR-3156-5p, miR-10a-5p and miR-125a-5p in
mCRC treated with bevacizumab/FOLFOX therapy. We have
successfully confirmed miR-92b-3p to be up-regulated in
tumor tissue of mCRC patients with good response to this
therapeutic regimen. MiR-92b-3p is a hypoxia-induced
miRNA involved in angiogenesis, and, therefore, there is a
possible link between the levels of this miRNA and the
response to anti-angiogenic therapy in mCRC.
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